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Impact of Adjuvant Immunotherapy Using Liver
Allograft-Derived Lymphocytes on Bacteremia in
Living-Donor Liver Transplantation
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Background. Bacteremia is one of the leading causes of mortality in living-donor liver transplant (LDLT) recipients.
Lymphocytes, including natural killer cells, are believed to play a role in the first line of defense against invading
infectious microbes.

Methods. From January 2004 to December 2009, 114 consecutive LDLT recipients were studied for postoperative
bacteremia. The impact of adjuvant immunotherapy using activated liver allograft-derived lymphocytes on bacteremia
was retrospectively evaluated by a one-to-one match using propensity score to overcome bias due to the different
distribution of covariates for the two groups.

Results. After one-to-one matching, 21 patients who did not receive adjuvant immunotherapy and 21 who did not
receive adjuvant immunotherapy had the same preoperative and operative characteristics. Six (28.6%) of the 21
patients who did not receive adjuvant immunotherapy had bacteremia, whereas only one (4.8%) of the 21 patients who
received adjuvant immunotherapy had bacteremia; thus, the incidence of bacteremia in patients who had received
adjuvant immunotherapy was significantly lower than that in patients who had not received adjuvant immunotherapy
(P=0.038).

Conclusions. Adjuvant immunotherapy using liver allograft-derived lymphocytes may be a promising modality for

reducing the postoperative bacteremia after LDLT.

Keywords: Living-donor liver transplantation, Natural killer cells, Bacteremia, Adjuvant immunotherapy.

(Transplantation 2011;92: 575-580)

I nfection is one of the leading causes of morbidity and mor-
tality in liver transplant patients. The incidence of infection
in patients after liver transplantation is higher than that after
renal and heart transplantation (I). The high incidence of
infection in liver transplant patients is likely attributed to the
technical complexity of the surgery, latent contamination in
the abdominal cavity, and the poor medical condition of the
patients. After transplantation, the incidence of bacterial and
fungal infection is approximately 50% and 10%, respectively
(2, 3). Most infections occur within the first month after liver
transplantation and are primarily the result of surgical com-
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plications or are nosocomial in origin (2-5). Bacteremia has
been reported to be the main cause of mortality in liver trans-
plant recipients (2, 5). Associated mortality rates of approxi-
mately 30% have been reported for bacteremia (6—8).

We have recently developed a novel strategy of using
adjuvant immunotherapy to prevent the recurrence of
hepatocellular carcinoma (HCC) or hepatitis C virus
(HCV) infection after living-donor liver transplantation
(LDLT) (9, 10). This immunotherapeutic strategy involves
intravenous injection of activated liver allograft-derived
lymphocytes into LDLT patients. These lymphocytes can
mount an antitumor immune response (9) and are known
to play a role in the first line of defense against invading
microbes.

In this study, we retrospectively investigated whether
this adjuvant immunotherapy reduced the incidence of post-
transplant bacteremia in LDLT recipients. However, there
may be selection bias of liver function and operative charac-
teristics between the liver transplant recipients who received
adjuvant immunotherapy and who did not receive it. To
overcome selection bias due to the different distribution of
clinical characteristics such as severity of liver function im-
pairment between the two groups, a one-to-one match was
created using propensity score analysis. Thus, we obtained
two groups that were comparable for baseline variables.

www.transplantjournal.com | 575
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RESULTS

The Adjuvant Immunotherapy Using Activated
Liver Allograft-Derived Lymphocytes

We performed ex vivo perfusion of graft livers through the
portal vein. The proportion of interleukin-2 (IL-2)-stimulated
CD56+CD3-natural killer (NK) cells and CD56+CD3+
natural killer T (NKT) cells extracted from the liver perfusates
was 40% £ 15% and 20% 9%, respectively (n=24). The recip-
ients were administered a single intravenous injection of IL-2-
stimulated liver allograft-derived lymphocytes 3 days after liver
transplantation (793+350 X 10° cells injected per patient,
n=24). During the follow-up period, no significant adverse ef-
fects or rejection episodes were observed.

Clinicopathologic Characteristics and
Postoperative Course of the Entire Study Group
Differences in characteristics between patients who re-
ceived adjuvant immunotherapy and those who did not are
listed in Table 1. Specifically, patients who received immuno-
therapy were older (57 vs. 54; P=0.03), more likely to have
HCC (87.5% vs. 38.9%; P<<0.001), and had a lower score
of model for end-stage liver disease (MELD) (11 vs. 16;
P<0.0038). Of 90 patients who did not receive immunother-
apy, 26 (28.9%) developed bacteremia, whereas only 1 (4.2%)
of the 24 patients who received immunotherapy had bactere-
mia. The incidence of bacteremia was significantly lower in
the adjuvant immunotherapy group than in the nonadjuvant
immunotherapy group (P=0.034) (Table 2). The 1-year sur-
vival rate tended to be higher in the patients who had received
adjuvant immunotherapy (100%) than in those who had not
(80%) (P=0.068; Table 2). The sources and pathogens pres-
ent in bacteremia are listed in Tables 3 and 4, respectively.
Among the 27 recipients with episodes of bacteremia, five
(18.5%) had primary bacteremia. The three most common
sources of bacteremia were catheter-related infections (5/27
patients, 18.5%), peritonitis (8/27 patients, 29.6%), and
cholangitis (5/27 patients, 18.5%). Gram-positive and gram-
negative bacteria were detected in 15 (55.6%) and 12 (44.4%)

Transplantation ¢ Volume 92, Number 5, September 15, 2011

of the 27 patients with bacteremia, respectively. The most
common isolated pathogens were methicillin-resistant Staphy-
lococcus aureus (MRSA) (n=9), coagulase-negative staphylococ-
cus (n=>5), Escherichia coli (n=5), Enterobacter spp. (n=3), and
Pseudomonas aeroginosa (n=3). There was no difference in post-
operative clinical data, including duration of central venous
catheterization, hospital stay, and intensive care unit stay be-
tween the two groups (Table 5).

Results After Propensity Score Matching
Characteristics after propensity score matching analy-
sis are shown in Table 1. Twenty-one of the 24 patients who
received adjuvant immunotherapy were matched with 21 pa-
tients who did not receive therapy after covariate adjustment.
Therefore, three patients who received immunotherapy and
69 patients who did not receive the therapy were excluded
because their propensity scores could not be matched. The
study group of 42 patients was well matched; in particular, all
covariates that significantly affected overall survival in the
entire study group were equally distributed over the two
matched groups. Matched patients who received adjuvant
immunotherapy had a similar age (56 vs. 57; P=0.62), donor
age (36 vs. 36; P=0.51), graft-to-recipient weight ratio (0.89
vs. 0.85; P=0.72), score of MELD (13 vs. 11; P=0.73), blood
loss (3270 vs. 3420 mL; P=0.53), and rate of postoperative
bile leakage (14.3% vs. 19.0%; P=0.67) to those of matched
patients who did not receive adjuvant immunotherapy. Sim-
ilarly, other clinical variables were similar for patients who
did and did not receive the therapy. Of the 21 patients who
did not receive immunotherapy, six (28.6%) developed bac-
teremia. Of the 21 patients who received immunotherapy,
one (4.8%) developed bacteremia. The incidence of bactere-
mia was significantly lower in the adjuvant immunotherapy
group than in the nonadjuvant immunotherapy group, re-
spectively (P=0.038) (Table 2). The I-year survival rate
tended to be higher in the patients who had received adjuvant
immunotherapy (100%) than in those who had not received
the therapy (80%) (P=0.10; Table 2). The sources and caus-

TABLE 1. Clinical characteristics of whole study and one-to-one matching study using propensity scores
Whole study Matched study population
IT (=) (n=90) IT (+) (n=24) p IT (=) (n=21) IT (+) (n=21) p
Ageing (median, range) 54 (20-69) 57 (44-68) 0.03 57 (46-69) 56 (44-68) 0.62
Male 54 (60%) 16 (66.7%) 0.55 3 (61.9%) 15 (71.4%) 0.51
Age of donor 36 (17-67) 34 (20-54) 0.33 36 (18-57) 36 (20-54) 0.51
Tlness
HCC (%) 35 (38.9%) 21 (87.5%) 0.00021 6 (76.2%) 19 (90.1%) 0.21
Previous operation (%) 15 (16.7%) 5(20.8%) 0.63 6 (28.6%) 4 (19.0%) 0.47
GRWR 0.91 (0.62-1.95) 0.87 (0.70-1.22) 0.11 0.85 (0.62-1.35) 0.89 (0.70-1.22) 0.72
MELD 16 (6-55) 11 (7-25) 0.0038 1(7-25) 13 (7-23) 0.73
Presence of ascites 57 (63%) 15 (62.5%) 0.65 1(52.4%) 9 (42.9%) 0.75
Blood loss (ml) 3675 (345-14,000) 3120 (1080-8990) 0.64 3420 (1100-8200) 3270 (1200-8990) 0.53
Operating time (min) 738 (530-1167) 706 (535-1009) 0.66 749 (530-930) 702 (535-1009) 0.27
Postoperative biliary leak (%) 14 (15.6%) 3(12.5%) 0.7 4 (19.0%) 3 (14.3%) 0.67
Reoperation (%) 23 (25.6%) 4 (16.7%) 0.36 3 (14.3%) 5 (23.8%) 0.43

IT, adjuvant immunotherapy; HCC, hepatocellular carcinoma; GRWR, graft recipient weight ratio; MELD, model for end-stage liver disease.
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TABLE 2. Outcomes of postoperative bacteremia after living-donor liver transplantation
Whole study Matched study population
Infection site IT (=) (n=90) IT (+) (n=24) P IT (—) (n=21) IT (+) (n=21) p
Number of patients with bacteremia (%) 26 (28.9%) 1(4.2%) 0.004 6 (28.6%) 1(4.8%) 0.038
One-year survival 84% 100% 0.061 80% 100% 0.1

IT, immunotherapy.

TABLE 3. Causes of postoperative bacteremia after
living-donor liver transplantation

No. of patients with episodes
of postoperative bacteremia

Matched study

Whole study population

Infection IT(-) IT(+) IT(-) IT(+)

site (n=90) (n=24) (n=21) (n=21)

Abdominal infection
Intraabdominal 3 0 0 0
abscess

Peritonitis 7 1 1 1
Cholangitis 5 0 2 0
Enteritis 1 0 0 0
Catheter infection 5 0 2 0
Primary 5 0 1 0

IT, immunotherapy.

TABLE 4. Etiological organisms of bacteremia after
living-donor liver transplantation

No. patients with episodes

of bacteremia
Matched study
Whole study population
IT(—) IT(+) IT(-) IT(+)
Pathogen (n=90) (m=24) (n=21) (n=21)
Bacteria
Gram (+)
MRSA 0 2 0
Coagulase-negative 5 0 1 0
staphylococcus
Others 1 0 0 0
Gram (—)
Escherichia coli 4 1 2
Enterobacter sp 3 0 0 0
Pseudomonas 3 0 0 0
aeruginosa
Serratia sp 1 0 1 0

IT, immunotherapy; MRSA, methicillin-resistant staphylococcus aureus.

ative pathogens of bacteremia are shown in Tables 3 and 4,
respectively, and were as follows: one patient with primary
bacteremia (MRSA), two patients with catheter-related infec-
tions (Escherichia coli, and Serratia sp), two patients with peri-
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tonitis (MRSA and Escherichia coli), and two patients with
cholangitis (coagulase-negative Staphylococcus and Esche-
richia coli). There was no difference in postoperative clinical
data, including duration of central venous catheterization,
hospital stay, and intensive care unit stay between the two
groups (Table 5).

DISCUSSION

Bacteremia is one of the main complications of liver
transplantation, and it is also an important factor influencing
the mortality associated with liver transplantation (6, 7).
Many studies have revealed that the period of hospitalization
and stay in the intensive care unit is longer for patients with
postoperative bacteremia (4, 11, 12).

Adjuvant immunotherapy using liver allograft-derived
lymphocytes was principally performed to prevent HCC
recurrence. As these lymphocytes may have antibacterial prop-
erties, this study was performed as a secondary aim to investigate
whether this adjuvant immunotherapy reduced the incidence of
posttransplant bacteremia in LDLT recipients. In this one-to-
one matching study using propensity score, we have shown that
adjuvant immunotherapy using liver allograft-derived lympho-
cytes significantly reduced the incidence of postoperative bacte-
remia after LDLT. We have previously shown that stimulation
with IL-2 significantly increased the expression of tumor necro-
sis factor-related apoptosis-inducing ligand on liver NK cells
exerting anti-HCV and tumoricidal effects (9, 10). We have
also confirmed that the number of interferon (IFN)-+y-secreting
cells, including NK and NKT cells, in the peripheral blood of
the liver transplant patients who received adjuvant immuno-
therapy was significantly higher than that in the peripheral
blood of patients who did not receive the therapy at 14 days
after LDLT (10). It is expected that the circulating activated
NK and NKT cells in the peripheral blood may prevent post-
operative bacteremia by exerting an antibacterial and anti-
fungal effect, and the effect for preventing the postoperative
infections may last during at least 2 weeks after LDLT. The
adjuvant immunotherapy might reduce the number of post-
operative infections as it involved the use of IL-2 stimulated
NK and NKT cells. NK cell has protective functions for bac-
terial infection such as Staphylococcus aureus and Pseudomo-
nas aeroginosa by NK cytotoxicity and augmentation of
phagocytosis by macrophages by IFN-vy and tumor necrosis
factor production secreted by NK cells (13, 14). NKT cells
also have protective effects for bacterial infection by IFN-vy
production (15). In this study, no adverse effects, such as
graft-versus-host disease, were observed. To prevent graft-
versus-host disease, we added the anti-CD3 monoclonal an-
tibody to the culture medium a day before the inoculation. As
the current immunosuppressive regimen following after
LDLT reduces the adaptive immune components, adjuvant
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TABLE 5. Postoperative clinical data after living-donor liver transplantation
Whole study Matched study population
IT (=) (n=90) IT (+) (n=24) p IT (—) (n=21) IT (+) (n=21) P

Duration of CV 6 (5-23) 7 (5-11) 0.71 6 (5-16) 7 (5-10) 0.78

catheter
ICU stay (day) 4 (3-22) 6 (2-12) 0.56 4 (3-22) 5(2-12) 0.67
Hospital stay (day) 54 (22-1414) 53 (16-190) 0.76 50 (22-1414) 53 (16-190) 0.95
WBC (mm?) 7865 (4290-33,740) 7010 (2690-10,930) 0.09 7565 (4290-15,620) 7450 (2690-10,930) 0.21
Lymphocyte 558 (89-1222) 491 (148-2142) 0.77 521 (89-1020) 545 (148-2142) 0.73

count (mm?)
CRP 1.24 (0.15-11.3) 3.5(0.3-14.1) 0.07 1.01 (0.15-9.6) 2.4 (0.3-14.1) 0.25
BT (°C) 37.1 (36.6-38.8) 37.1 (36.5-38.1) 0.86 37.0 (36.6-38.4) 36.9 (36.5-38.1) 0.89

CRP and BT were measured on day 7 after living-donor liver transplantation. Data were expressed as median (range).
IT, immunotherapy; CV, central venous; ICU, intensive care unit; WBC, white cell count; CRP, C-reactive protein; BT, body temperature; WBC, lympho-

cyte count.

immunotherapy may be a promising approach for reducing
the posttransplant bacteremia.

In this study, we adopted a one-to-one matching study
using propensity score analysis to overcome bias due to the
different distribution of covariates among patients from the
two groups (patients who received adjuvant immunotherapy
and those who did not). Bert et al. (7) have shown that gender,
kidney transplant, intraoperative transfusions, MELD score,
return to surgery, retransplantation, and biliary complica-
tions are associated with bacteremia. Kim et al. (8) have
revealed an association between bacteremia and age, intrave-
nous catheterization, United Network for Organ Sharing
status IIA, and posttransplant hemodialysis. The clinical
characteristics that may influence outcomes tended to differ
between the two groups in the whole study (Table 1). The
proportion of the older patients with HCC was significantly
higher in the adjuvant immunotherapy group than those in
no adjuvant immunotherapy group because the liver trans-
plant patients who received adjuvant immunotherapy with
IL-2-stimulated lymphocytes were limited to patients with
HCC or HCV. The scores of MELD were significantly lower
in the adjuvant immunotherapy group than in the nonadju-
vant immunotherapy group. A high MELD score is known to
indicate a major risk of postoperative infections after liver
transplantation (16, 17). However, after matching using pro-
pensity scores analysis, there were no differences in clinical
variables influencing outcomes such as age, MELD score, un-
derlying liver disease, operative factors, and postoperative
operative factors between the two groups. Iida et al. (6) have
shown that the presence of preoperative massive pleural effu-
sion or ascites requiring drainage were independent risk fac-
tors for postoperative bacteremia. In this study, there was no
significant difference in the preoperative presence of ascites
between the two groups. Although there was a significant differ-
ence in the incidence of bacteremia between the two groups, this
study was unable to reveal a significant difference in outcomes,
likely due to small study size. It is possible that the learning curve
of individual surgeons or of the entire institution may be associ-
ated with an incidence of septic complications. Second, there
was a selection bias confounding our results between the two
groups, because adjuvant immunotherapy was selected into only
patients with HCC or HCV, thus larger study is required to con-
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firm the positive effect of adjuvant immunotherapy on out-
comes of liver transplant recipients.

Bacteremia episodes were predominantly caused by
gram-positive bacilli, which accounted for 55.6% of all isolated
infections. Methicillin-resistant staphylococci were commonly
observed among the gram-positive organism, whereas Esche-
richia coli strains were found to be the most prevalent species
among the isolated gram-negative rods. During the 1990s,
MRSA had become endemic and emerged as a major pathogen
in many transplant centers. However, in the late 1990s, the inci-
dence of gram-negative bacterial infection increased, probably
because of the use of prophylactic antibiotics (18). In contrast,
our study has shown that gram-positive bacteria have remained
as the major pathogens (8, 19). Our results support recent stud-
ies that report coagulase-negative staphylococcus as the major
cause of bacteremia (6). Catheter-related infections were found
to occur frequently after surgery. Appropriate management of
the catheter, which disrupts the organization of the skin epithe-
lium and the mucosa, and early catheter removal are important
for lowering the incidence of catheter-related infections.

In conclusion, we found that adjuvant immunotherapy
using liver allograft-derived lymphocytes significantly re-
duced the incidence of postoperative bloodstream infections
after LDLT in the setting of one-to-one matching study using
propensity score. As the immunosuppressive regimen cur-
rently used after LDLT reduces the adaptive immune compo-
nents, adjuvant immunotherapy using liver allograft-derived
lymphocytes may be a promising approach for reducing post-
transplant bacteremia.

MATERIALS AND METHODS

Patients

We retrospectively studied 114 consecutive patients who had undergone
LDLT at Hiroshima University Hospital, from April 2004 to December 2009.
The LDLTs had been performed after the approval of the Liver Transplanta-
tion Ethics Committee of Hiroshima University, and informed consents
were obtained from all the patients.

Perioperative Management Strategy

The procedures for donor evaluation, donor surgery, recipient surgery,
and perioperative management followed in our hospital have been described
in previously published studies (20—-22). A central venous catheter (triple
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lumen catheter, SA series, Arrow Corporation, Japan) was place in the inter-
nal jugular vein at induction of general anesthesia.

Antimicrobial prophylaxis consisted of intravenous cefmetazole (1.0 g)
administration immediately before surgery and every 6 hr during surgery;
thereafter, a dosage of 2 g/day was maintained for 5 days. Vancomycin (0.5
g/day, orally) was administered for 3 days before surgery. Itraconazole (200
mg/day) was orally administered for 7 days before surgery as prophylaxis
against fungal infections. Trimethoprim/sulfamethoxazole (80/400 mg/day)
was orally administered after surgery as prophylaxis against Pneumocystis.

The basic immunosuppression regimen comprised tacrolimus and meth-
ylprednisolone. Ifliver function stabilized, then the patients were weaned off
the steroids 2 to 3 months after the operation. Rejection episodes were mainly
treated with methylpredonisolone.

The use of adjuvant immunotherapy involving activated liver allograft-
derived lymphocytes was approved by the Clinical Institutional Ethical Re-
view Board of Hiroshima University, and the immunotherapy was started
from January 2006. Gradient centrifugation with Ficoll-Paque was per-
formed to isolate liver mononuclear cells from the perfusate effluents of liver
grafts obtained from healthy donors. Liver mononuclear cells were cultured
with human recombinant IL-2 for 3 days. A day before the infusion, the
CD3-positive cell fraction was incubated with an anti-CD3 monoclonal an-
tibody for opsonization. The purity of the isolated fractions was assessed
by flow cytometric analysis, and the viability of the cells was assessed by dye-
exclusion test before injection. The cells were suspended along with 5% human
serum albumin in 0.9% sodium chloride; 3 days after liver transplantation, the
cell suspension was then injected into patients with HCV or HCC (10).

Definitions of Bacteremia

Infections were defined according to the criteria proposed by the Centers
for Disease Control (23). For this study, we included cases in which the
infections had developed within 3 months after surgery and documented the
first episode of bacteremia. Isolation of bacteria (other than common skin
contaminants) from a single blood culture in the presence of clinical symp-
toms or signs of infection was considered proof of bacteremia. Bacteremia
caused by common skin contaminants was considered significant only if the
organism was also isolated from two blood cultures and was associated with
clinical signs of infection. The bacteremia source was determined on the basis
of clinical criteria and isolation from a clinically significant site of infection of
the same organism found in the blood isolate on the basis of species identi-
fication and antibiotics susceptibility results. Bacteremia was classified as
primary if it was of unknown origin (no physical, radiological, or patholog-
ical evidence of a definite infection source). Catheter-related infections were
documented when the blood isolate was cultured from the catheter tip and
blood cultures obtained by the catheter were found to be the same as the
peripheral blood culture. Briefly, blood cultures were taken out by puncture.
The blood culture was as follows: a 10-mL blood sample was aseptically
inoculated at bedside into each bottle of a set of aerobic and anaerobic blood
culture bottles. Bottles were incubated at 37°C for a period of 5 days or until
a positive reading was detected by the instrument. Bacteremia was classified
as primary if it was of unknown origin.

Statistical Analysis

Continuous variables were compared using the Mann-Whitney test. Cat-
egorical data were compared using the x test or Fisher’s exact test, as appro-
priate. Overall survival analyses were carried out using the Kaplan-Meier
method; comparisons between different groups were carried out using the
log-rank test. To overcome bias due to the different distribution of covariates
among patients from the two groups (patients who received adjuvant immu-
notherapy and those who did not), a one-to-one match was created using
propensity score analysis (24, 25). The propensity score represents the prob-
ability of each individual patient being assigned to a particular condition in a
study given a set of known covariates. Propensity scores are used to reduce
selection bias by equating groups on the basis of these covariates and are used
to adjust for selection bias in observational studies through matching. Vari-
ables entered in the propensity model were age, sex, donor age, the presence
of HCC, previous surgery, graft-to-recipient weight ratio, MELD score, op-
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erative factors (blood loss during operation and operation time), and post-
operative complications (biliary leakage and reoperation). The model was
then used to obtain a one-to-one match by using the nearest-neighbor
matching method. We used a matching algorithm based on linear predictive
values without replacement, until all possible matches had been formed.
Initially, matching was performed to five decimal points, followed by 4, 3, 2,
and 1 decimal point matching; cases whose propensity score deviated more
than 0.10 were considered unmatched (26, 27) Patients with unmatchable
propensity scores were excluded from further analysis. Once the matched
groups were obtained, differences in postoperative infection and prognosis
were further analyzed to assess the unbiased influence of adjuvant immuno-
therapy on postoperative infection. Overall, survival analysis was performed
within each matched subgroup to assess the influence of adjuvant immuno-
therapy on postoperative infection amended from the confounding factors.
All analyses were performed using the SPSS 16.0, and P values less than 0.05
were considered statistically significant.
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Abstract

Background/purpose  Although many factors related to the
tumor or the hepatic functional reserve may affect the out-
come of partial hepatectomy for hepatocellular carcinoma
(HCC), these factors have not yet been intensively investi-
gated in patients with solitary HCC. The purpose of this study
is to determine the clinicopathological factors influencing the
long-term outcomes of partial hepatectomy for solitary HCC.
Methods Data on 266 consecutive patients with a solitary
HCC who underwent curative hepatectomy between 1997
and 2006 were analyzed with regard to prognosis.
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Results Overall survival rates at 3, 5, and 10 years were
89.5, 79.6, and 56.1%, respectively. The significant inde-
pendent predictors for overall survival included hepatitis C
virus infection, liver cirrhosis, and prolonged prothrombin
activity. Disease-free survival rates at 3, 5, and 10 years
were 51.7, 41.1, and 20.4%, respectively. The significant
independent predictors for disease-free survival included
elevated levels of aspartate amino transferase, decreased
platelet counts, presence of liver cirrhosis, and prolonged
prothrombin activity. Tumor-related factors such as tumor
size and microscopic vascular invasion were not significant
predictors of overall or disease-free survival.

Conclusions The long-term outcomes of patients with a
solitary HCC who underwent partial hepatectomy mainly
depended on the background liver status but not on tumor-
related factors; this suggests that partial hepatectomy is a
remarkably effective antitumor therapy. If the hepatic
functional reserve is within the permissible range, partial
hepatectomy should be considered as the treatment of
choice for patients with a solitary HCC.

Keywords Solitary hepatocellular carcinoma - Partial
hepatectomy - Prognostic factor - Hepatic functional
reserve - Tumor-related factor

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy worldwide [1]. Several modalities have been
used for treating HCC, including partial hepatectomy,
orthotopic liver transplantation, radiofrequency ablation
therapy, and transarterial chemoembolization therapy. Par-
tial hepatectomy is the preferred treatment for patients with
resectable HCC and offers low mortality and favorable long-
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term survival. However, the long-term survival rate remains
unsatisfactory, mainly because of the high incidence of
recurrence and metastasis after partial hepatectomy [2].

Several prognostic factors that negatively influence the
outcomes of patients with HCC who undergo partial hep-
‘atectomy have been reported [3, 4]. They include the
presence of cirrhosis, hepatitis C virus (HCV) infection,
large tumors, bilobar distribution, multiple lesions, vascu-
lar invasion, pathological tumor—node-metastasis (pTNM)
stage, surgical margin, high alpha-fetoprotein (AFP) level,
and tumor differentiation [5, 6]. Although several tumor-
related factors such as tumor size and microvascular
invasion are recognized as significant adverse prognostic
factors, it is still controversial whether these factors inde-
pendently influence long-term outcomes of curative
resection of a solitary HCC [7-9]. The purpose of this
study was to determine the clinicopathological factors
influencing the long-term outcomes of solitary HCC in
patients undergoing curative hepatectomy.

Materials and methods
Patients

Between January 1997 and December 2006, 496 consecu-
tive patients with primary HCC underwent hepatectomies
in our hospital. We defined solitary HCC as a single tumor,
without macroscopic vascular invasion and without distant
metastasis, based on radiological imaging prior to surgery.
Macroscopic vascular invasion was defined as a tumor
invasion or a tumor thrombus in the vessels visible on
radiological imaging prior to surgery. Microscopic vascular
invasion was defined as a tumor invasion or a tumor
thrombus in the vessels visible only on microscopy. We
excluded 224 patients with multiple tumors, 1 with mac-
roscopic vascular invasion, 3 with distant metastases, and 2
undergoing hepatectomies with intraoperative ablation
therapy. Finally, 266 patients with a solitary HCC were
enrolled in this retrospective study.

The patients’ characteristics are shown in Table 1.
A total of 182 patients (68.4%) were positive for HCV
infection, 232 (87.2%) had viral hepatitis, and 259 (97.3%)
had chronic liver disease.

Clinicopathological variables for age, gender, presence
of viral hepatitis B and C, presence of diabetes mellitus,
preoperative transarterial chemoembolization, preoperative
liver function tests, Child~Pugh class, preoperative AFP
and des-gamma-carboxy prothrombin (DCP) levels, types
of hepatectomy, tumor characteristics according to the
Liver Cancer Study Groups of Japan, and pathological
findings of the resected specimen were obtained and ana-
lyzed [10]. Liver cirrhosis, microscopic vascular invasion,
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Table 1 Patients’ characteristics (n = 266)

Variables

Number of patients (%)

Age (years)®

65.3 £ 9.7 (23-86)

Gender
Male 186 (69.9)
Female 80 (30.1)
Serology of viral hepatitis
HBYV only 50 (18.8)
HCV only 177 (66.5)
HBV + HCV 5(1.9)
No infection 34 (12.8)
Child—Pugh classification
A 236 (88.7)
B 30 (11.3)
Background liver status
Normal liver 2 (0.8)
Chronic hepatitis or liver fibrosis 148 (55.6)
Liver cirrhosis 111 (41.7)
Unknown 5(1.9)

Tumor size (mm)?

Type of hepatectomy

31.3 £ 18.6 (6-125)

Limited resection 156 (58.6)
Segmentectomy 68 (25.6)
Sectionectomy 24 (9.0)
Hemihepatectomy 18 (6.8)

# Mean = SD (range)

and intrahepatic metastasis were obtained by histological
examination of resected specimens. Experimental protocols
were approved by the institutional review committee and
met the guidelines of responsible governmental agency.

Hepatectomy

The indications for partial hepatectomy have been previ-
ously described [11]. The type of hepatectomy was decided
on the basis of liver functional reserve and location of the
tumor. Liver functional reserve was assessed on the basis of
the Child-Pugh classification and the indocyanine green
retention rate at 15 min (ICG-R15) [12]. Child-Pugh class C
was regarded as a contraindication for partial hepatectomy.
Types of hepatectomy were defined as follows: limited
resection, a resection of less than 1 segment according to
Couinaud’s segmentation; segmentectomy, a resection of 1
segment according to Couinaud’s segmentation; sectionec-
tomy, a resection of 1 of the 4 sections (lateral, medial,
anterior, or posterior) of the liver; and hemihepatectomy, a
resection of the right or left hemiliver, according to the
Brisbane 2000 terminology [13, 14]. The types of hepatec-
tomy were selected as follows. If liver function permitted,
anatomical resection (segmentectomy, sectionectomy, or
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hemihepatectomy) was performed. In patients with insuffi-
cient hepatic functional reserve, limited resection was per-
formed. For example, right hemihepatectomy could be
tolerated if the ICG-R15 value was in the normal range. One-
third of the liver parenchyma could be resected for patients
with an ICG-R15 value between 10 and 19%. Segmentec-
tomy could be tolerated by patients with an ICG-R15 value
between 20 and 29%, and limited resection was indicated for
patients with an ICG-R15 value of 30% or more. The types of
hepatectomy performed are shown in Table 1.

Follow-up

The follow-up evaluation after surgery consisted of clinical
physical examinations, blood chemistry tests, and measure-
ments of the levels of tumor markers, including AFP and
DCP, every month for 2 years. After 2 years, the patients
were assessed every 3 months. Patients were examined by
ultrasonography every 3 months and by computed tomog-
raphy every 6 months. When recurrence was indicated by
any of these examinations, the patients underwent hepatic
angiography. If all recurrent tumors could be resected within
the hepatic functional reserve, repeat hepatectomy was
indicated. If they could not be resected within the hepatic
functional reserve, the patients underwent percutaneous
radiofrequency ablation or transarterial chemoembolization
therapy. The median follow-up period for survivors was
45.2 months (range 1-120 months).

Statistical analysis

Overall survival rates and disease-free survival rates were
calculated using the Kaplan—Meier method and were com-
pared using the log-rank test. Disease-free survival rates
were calculated by considering any deaths or recurrences as
an event. The continuous variables were dichotomized
based on the receiver operating characteristic curve analysis
[15]. Independent prognostic factors were assessed using
the multivariate Cox proportional hazards model among the
variables found to be significant by univariate analysis.
Statistical significance was defined as a p value less than
0.05. All statistical analyses were performed using SPSS
13.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

No patient died within 1 month after partial hepatectomy,
although 2 patients died of liver failure during the initial
hospital stay (in-hospital mortality rate 0.8%). At the time
of the last follow-up examination, 79 of 266 patients had
died, and the causes of deaths were cancer progression in
38 patients (14.3%), liver failure in 12 patients (4.5%),
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Fig. 1 The overall (a) and disease-free (b) survival curves of 266
patients with a solitary HCC after partial hepatectomy

bleeding from the gastrointestinal tract in 4 patients (1.5%),
and other diseases in 25 patients (9.4%). The cumulative
overall survival rates at 3, 5, and 10 years after partial
hepatectomy were 89.5, 79.6, and 56.1%, respectively. The
corresponding disease-free survival rates were 51.7, 41.1,
and 20.4%, respectively (Fig. 1).

Table 2 shows a summary of the results of the univariate
analyses for overall survival rates and disease-free survival
rates according to the clinicopathological factors. HCV
infection (p = 0.003), a platelet count of <100 x 10*/mm?>
(p = 0.001), prothrombin activity of <80% (p = 0.001), an
aspartate aminotransferase (AST) level of >50 IU/
(p = 0.002), an albumin level of <3.5 g/dl (p < 0.001), an
ICG-R150f >20% (p < 0.001), an AFPlevel of >100 ng/ml
(p = 0.004), a limited resection (p = 0.011), and the pres-
ence of cirrhosis in the background liver (p < 0.001) were
significant adverse prognostic factors for overall survival. In
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Table 2 Overall and disease-free survival rates according to clinicopathological factors

Overall survival (%)

Disease-free survival (%)

3-year 5-year p value 3-year 5-year p value
All cases (n = 266) 89.5 79.6 - 51.7 41.1 -
Age (years) 0.564 0.336
<65 (n = 102) 89.1 82.4 534 437
>65 (n = 164) 89.7 77.7 50.5 39.1
Gender 0.101 0.647
Male (n = 186) 89.8 83.3 52.9 41.2
Female (n = 80) 88.8 69.4 49.4 41.6
HCV infection 0.003 0.034
Negative (n = 84) 922 88.2 61.2 47.7
Positive (n = 182) 88.0 75.3 46.9 37.8
Diabetes mellitus 0.552 0.627
No (n = 188) 38.3 78.7 53.4 429
Yes (n = 72) 92.0 83.8 48.8 40.2
Preoperative TACE 0.526 0.417
No (n = 121) 90.4 80.9 50.7 44.1
Yes (n = 145) 88.5 78.5 522 39.2
Platelet count (x 10%/m>) 0.001 <0.001
<100 (n = 95) 85.9 65.8 394 27.1
>100 (n = 171) 914 86.5 58.3 48.4
Prothrombin activity (%) 0.001 0.004
<80 (n = 99) 81.8 71.2 42.0 314
>80 (n = 167) 94.7 85.9 57.7 48.1
Total bilirubin level (mg/dl) 0.555 0.196
<1.0 (n = 182) 88.5 81.6 534 43.1
>1.0 (n = 84) 91.2 75.6 48.1 36.9
AST (1U/1) 0.002 <0.001
<50 (n = 181) 89.9 84.3 59.5 49.2
>50 (n = 85) 88.6 68.6 333 22.6
ALT U/1) 0.077 0.023
<50 (n = 174) 88.5 82.0 57.6 449
>50 (n = 92) 91.2 75.3 41.0 34.1
Albumin level (g/dl) <0.001 0.024
<35 (=757 772 64.3 39.2 29.1
>3.5 (n = 209) 92.8 83.8 55.1 444
ICG-R (%) <0.001 0.007
<20 (n = 170) 93.1 85.9 57.7 45.2
>20 (n = 96) 82.9 68.1 41.0 33.9
Child-Pugh 0.108 0.233
A (n = 236) 89.9 80.3 53.3 42.9
B (r = 30) 85.7 74.9 38.2 27.3
AFP (ng/ml) 0.004 0.426
<100 (n = 185) 92.6 86.8 54.5 41.1
>100 (n = 81) 82.9 64.9 45.6 415
DCP (mAU/ml) 0.115 0.054
<100 (n = 166) 38.6 77.2 46.0 36.5
>100 (n = 98) 91.0 83.6 60.2 47.6
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Table 2 continued

Overall survival (%)

Disease-free survival (%)

3-year 5-year p value 3-year S-year p value
Type of hepatectomy 0.011 0.044
Limited resection (n = 156) 87.8 76.7 48.3 359
Segmentectomy or more (n = 110) 91.7 83.5 56.4 48.4
Tumor size (mm) 0.345 0.965
<30 (n = 149) 91.0 82.5 53.4 414
>30 (n = 117) 8717 76.2 49.6 40.8
Tumor size (mm) 0411 0.068
<50 (n = 230) 89.7 79.7 48.9 39.6
>50 (n = 36) 88.5 78.7 62.5 52.8
Tumor differentiation 0.522 0.202
Well or moderately (n = 215) 89.5 79.0 514 41.0
Poorly (n = 29) 81.5 69.1 41.0 29.3
Microscopic vascular invasion 0.221 0.714
Negative (n = 200) 91.6 81.2 51.1 40.7
Positive (n = 66) 83.3 74.4 52.2 41.6
Intrahepatic metastasis 0.220 0.921
Negative (n = 245) 89.1 80.6 51.9 40.6
Positive (n = 17) 94.1 70.6 48.9 48.9
Background liver <0.001 <0.001
No cirrhosis (n = 150) 97.0 90.3 57.8 50.5
Cirrhosis (n = 111) 79.7 64.8 43.0 27.6
Surgical margin (mm) 0.940 0.410
<5 (n = 164) 88.2 80.6 50.0 39.3
>5 (n = 102) 91.7 78.2 54.5 44.0

TACE transcatheter arterial chemoembolization

contrast, DCP, tumor size, tumor differentiation, micro-
scopic vascular invasion, and intrahepatic metastasis did not
significantly influence overall survival. Furthermore, HCV
infection (p = 0.034), a platelet count of <100 x 10°/mm?®
(p < 0.001), prothrombin activity of <80% (p = 0.004), an
AST level of >50 IU/1 (p < 0.001), an alanine aminotrans-
ferase (ALT) level of =50 IU/ (p = 0.023), an albumin
level of <3.5 g/dl (p = 0.024), an ICG-R15 of >20%
(p = 0.007), limited resection (p = 0.044), and the presence
of cirthosis in the background liver (p < 0.001) were sig-
nificant adverse prognostic factors for disease-free survival.
In contrast, AFP, DCP, tumor size, tumor differentiation,
microscopic vascular invasion, and intrahepatic metastasis
did not significantly influence disease-free survival. The
cut-off value of 3 cm in tumor size was selected based on the
receiver operating characteristic curve analysis. Even if the
cut-off value of 5 cm had been selected, tumor size did not
affect the overall and disease-free survival of the patients
with solitary HCC.

Multivariate analysis for overall survival rates after
partial hepatectomy revealed that HCV infection

(» = 0.002), the presence of cirrhosis in the background
liver (p < 0.001), and a prothrombin activity of <80%
(p = 0.006) were independent factors related to poor
overall survival rates (Table 3). Figure 2 shows the overall
survival curves stratified with a number of adverse prog-
nostic factors for overall survival. The overall survival
rates of patients with 3 adverse prognostic factors were
significantly lower than those of patients with 2 or fewer of
these factors. Furthermore, the overall survival rates of
patients with 2 prognostic factors were significantly lower
than those of patients with 1 factor.

Multivariate analysis for disease-free survival rates after
partial hepatectomy revealed that an AST level of >50 IU/
(» = 0.001), a platelet count of <100 x 10%*/mm>
(p = 0.041), the presence of cirrhosis in the background
liver (p = 0.040), and a prothrombin activity of <80%
(p = 0.049) were independent factors related to poor dis-
ease-free survival rates (Table 3). Figure 3 shows the dis-
ease-free survival curves stratified with the number of
adverse prognostic factors for disease-free survival. The
disease-free survival rates of patients with 4 adverse
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Table 3 Results of multivariate analysis for survival rates after partial hepatectomy

Variables Beta value SE p value Relative risk 95% confidence interval
Overall survival
HCYV infection 1.242 0.408 0.002 3.462 1.557-7.698
Liver cirrhosis 1.224 0.305 <0.001 3.402 1.871-6.188
Prothrombin activity <80% 0.830 0.300 0.006 2.294 1.275-4.126
Disease-free survival
AST >50 1U/1 0.597 0.177 0.001 1.817 1.285-2.569
Platelet count <100 x 10°/m® 0.389 0.190 0.041 1.476 1.016-2.142
Liver cirrhosis 0.381 0.186 0.040 1.464 1.017-2.018
Prothrombin activity <80% 0.342 0.174 0.049 1.408 1.002-1.978
100 4 100 prognogi\i,csf?ctor g‘\;a‘t]lge
= prognostic factor 0 (n=40) Ovs2 <0.001
X . Ovs3 0.001
- T T, | T Q Ovs4 <0.001
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Fig. 2 Comparison of the cumulative overall survival curves strat-
ified with a number of adverse prognostic factors (HCV infection,
liver cirrhosis, and prothrombin activity of <80%)

prognostic factors were significantly lower than those of
patients with 3 or fewer of these factors. Furthermore, the
disease-free survival rates of patients with 2 or 3 prognostic
factors were significantly lower than those of patients with
none or 1 of these factors.

To evaluate whether the types of hepatectomy were
influenced by tumor-related factors, we compared patients
with limited resection to those with segmentectomy or
more, according to clinicopathological factors (Table 4).
By univariate analysis, the patients who underwent seg-
mentectomy or more had lower rates of HCV infection,
higher platelet counts, higher prothrombin activity, lower
ICG-R15 values, higher rates of Child—Pugh class A,
higher AFP levels, higher DCP levels, larger tumors,
higher rates of microscopic vascular invasion, and lower
rates of liver cirrhosis compared to those who under-
went limited resection. By multivariate analysis, the
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Fig. 3 Comparison of the disease-free survival curves stratified with
a number of adverse prognostic factors (AST >50 IU/l, platelet count
<100 x 103/m3, liver cirrhosis, and prothrombin activity <80%)

independent factors affecting the selection of the hepatic
resectional procedure were prothrombin activity, ICG-R15
value, AFP level, tumor size, and presence of liver
cirrhosis.

We further determined the type of recurrence and the
main therapeutic modality for recurrence according to
number of adverse prognostic factors, including HCV
infection, liver cirrhosis, and prothrombin activity of <80%
(Table 5). At the time of the last follow-up, 134 of 266
patients showed tumor recurrence. In patients having more
adverse prognostic factors, tumor recurrence occurred
more frequently. Among the patients with tumor recur-
rence, there was no significant difference in the type of
recurrence according to the number of adverse prognostic
factors (p = 0.415). Meanwhile, patients with multiple
adverse prognostic factors infrequently underwent repeat
hepatectomy for intrahepatic recurrence (p = 0.022).
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Table 4 Comparison of the types of hepatectomy according to clinicopathological factors

Univariate analysis

Multivariate analysis

Limited resection Segmentectomy or more p value

Relative risk  95% confidence interval p value

All cases (n = 266) 156 110 -

Age (years) 0.523
<65 (n = 102) 57 45
>65 (n = 164) 99 65

Gender 0.509
Male (n = 186) 107 79
Female (n = 80) 49 31

HCV infection 0.007
Negative (n = 84) 39 45
Positive (n = 182) 117 65

Diabetes mellitus 0.325
No (n = 188) 106 82
Yes (n = 72) 46 26

Preoperative TACE 0.321
No (n = 121) 75 46
Yes (n = 145) 81 64

Platelet count (x10°/m>) <0.001
<100 (n = 95) 71 24
>100 (n = 171) 85 86

Prothrombin activity (%) 0.014 1941 1.019-3.697 0.044
<80 (n =99) 68 31
>80 (n = 167) 88 79

Total bilirubin level (mg/dl) 0.082
<1.0 (n = 182) 100 82
>1.0 (n = 84) 56 28

AST (IU/) 0.062
<50 (n = 181) 99 82
>50 (n = 85) 57 28

ALT (IU/) 0.795
<50 (n = 174) 101 73
>50 (n = 92) 55 37

Albumin level (g/dl) 0.293
<35@n=1>57) 37 20
>3.5 (n = 209) 119 90

ICG-R (%) <0.001 3.632 1.837-7.183 <0.001
<20 (n = 170) 80 90
>20 (n = 96) 76 20

Child-Pugh 0.017
A (n = 236) 132 104
B (n = 30) 24 6

AFP (ng/ml) 0.015 3.034 1.578-5.832 0.001
<100 (n = 185) 118 67
>100 (n = 81) 38 43

DCP (mAU/ml) <0.001
<100 (n = 166) 112 54
>100 (n = 98) 43 55
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Table 4 continued

Univariate analysis

Multivariate analysis

Limited resection ~Segmentectomy or more p value Relative risk 95% confidence interval p value
Tumor size (mm) <0.001 3.768 2.087-6.802 <0.001
<30 (n = 149) 106 43
>30 (n = 117) 50 67
Tumor differentiation 0.070
Well or moderately (n = 215) 130 85
Poorly (n = 29) 12 17
Microscopic vascular invasion 0.001
Negative (n = 200) 129 71
Positive (n = 66) 27 29
Intrahepatic metastasis 1.000
Negative (n = 245) 143 102
Positive (n = 17) 10 7
Background liver <0.001 2.438 1.293-4.598 0.006
No cirrhosis (n = 150) 71 79
Cirrhosis (n = 111) 84 27
Surgical margin (mm) 0.898
<5 (n = 164) 97 67
>5 (n = 102) 59 43

TACE transcatheter arterial chemoembolization

Table 5 The type of recurrence and the main therapeutic modality for recurrence according to the number of adverse prognostic factors

Variables Number of adverse prognostic factors p value
0 1 2 3
Case 40 94 86 41
Recurrence 21 (52.5) 34 (36.2) 49 (57.0) 30 (73.2) <0.001
Type of recurrence 0.415
Intrahepatic solitary 7 (33.3) 20 (58.8) 28 (57.1) 16 (53.3)
Intrahepatic multiple 9 (42.9) 8 (23.5) 16 (32.6) 8 (26.7)
Extrahepatic recurrence 5 (23.8) 6 (17.7) 5(10.2) 6 (20.0)
Main therapeutic modality 0.022
Repeat hepatectomy 6 (28.6) 18 (52.9) 14 (28.6) 5 (16.7)
Liver transplantation 0 0 0 2 (6.7)
Radiofrequency ablation 4 (19.1) 4 (11.8) 17 (34.7) 4 (13.3)
TACE 8 (38.1) 6 (17.7) 12 (24.5) 11 (36.7)
Systemic chemotherapy 2 (9.5) 1(2.9) 12.0) 1(3.3)
Others 1(4.8) 5(14.7) 5 (10.2) 7 (23.3)

TACE transcatheter arterial chemoembolization

2 Adverse prognostic factors: HCV infection, liver cirrhosis, prothrombin activity of <80%

Discussion

Although several previous studies have reported the pre-
dictive factors affecting surgical outcomes in patients with
resectable HCC, few studies have reported the outcomes in
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patients with a solitary HCC [7-9]. The present study
showed that in patients with a solitary HCC the prognosis
after curative hepatectomy depends on the background
liver status and is independent of tumor factors. The
adverse prognostic factors affecting these patients’ overall
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survival rates were HCV infection, liver cirrhosis, and
prolonged prothrombin activity. Furthermore, the adverse
prognostic factors affecting their disease-free survival rates
were a high AST level, decreased platelet  count, liver
cirrhosis, and prolonged prothrombin activity. Patients with
more of these adverse prognostic factors had worse overall
and disease-free survival rates. In addition, the prognosis of
patients with well-preserved liver function after partial
hepatectomy of a solitary HCC was extremely good. These
findings confirm the importance of hepatic functional
reserve and sustained hepatitis activity in the outcomes of
patients after partial hepatectomy.

In general, the prognosis of patients with HCC is
influenced by factors related to the background liver and
the tumor [3]. It is well known that recurrence after the
initial treatment of HCC is caused by multicentric occur-
rence and intrahepatic metastasis [16]. It was reported that
multicentric occurrence was more frequently observed in
patients with a poor hepatic functional reserve [17].
Bilimoria et al. [18] reported that the presence of moderate
to severe fibrosis/cirrhosis was the most important pre-
dictor of death, overshadowing all other tumor factors.
Wayne et al. [19] reported that the fibrosis score, Ed-
mondson—Steiner grade, and Child—Pugh score were sig-
nificant predictors of survival after resection in a cohort of
patients undergoing resection for small HCCs. In addition,
the incidence of multicentric recurrences was greater in
HCV-positive patients than in hepatitis B virus-positive
patients [20, 21]. Thus, the prognosis of patients with
HCC after partial hepatectomy is influenced by poor
hepatic functional reserve probably due to fibrosis or cir-
rhosis, especially in the case of patients with HCV
infection. Additionally, the preoperative AST level was
identified as an adverse prognostic factor for the disease-
free survival rate in this study. There are several reports
suggesting that active inflammation in the nontumoral
liver is an independent risk factor for intrahepatic recur-
rence [22]. It has been reported that the elevation of pre-
operative liver enzymes may be a factor that affects
intrahepatic recurrence, which is more likely to originate
from metachronous carcinogenesis [23]. Tarao et al. [24]
reported a close association between inflammatory necro-
sis and rapid recurrence in hepatectomized patients with
HCC who had HCV-associated cirrhosis. Thus, inflam-
mation of the nontumoral liver may also influence multi-
centric carcinogenesis. In this study, all of the factors that
were identified as adverse prognostic factors for overall
and disease-free survival rates reflected the background
liver status.

Several tumor-related factors that negatively influence
the outcomes of patients with HCC who have undergone
partial hepatectomy have been reported. They include
tumor size, tumor number, vascular invasion, and pTNM

stage [5, 25]. Although tumor size is recognized as one of
the significant adverse prognostic factors, it remains con-
troversial whether larger tumors solely influence the out-
come after curative hepatectomy in patients with solitary
HCCs. Several reports indicated that a larger tumor resul-
ted in poorer survival rates [26-28]. Yeh et al. [6] reported
that significant indicators of adverse prognosis in patients
with HCC and cirrhosis included an elevated alkaline
phosphatase value, a tumor size of >2 cm, the presence of
satellite lesions, and vascular invasion. Pawlik et al. [29]
reported that tumor size predicted microvascular invasion
and advanced histological grade. Tsai et al. [30] reported
that macroscopic and microscopic venous invasion, surgi-
cal margin, ICG-R15, and tumor size and number were
significant predictors of postresectional survival. They
concluded that the larger the size of the tumor, the higher
the incidence of venous invasion. However, some authors
have reported that tumor size did not influence the post-
operative outcome [31-33]. Liau et al. [31] reported that
overall and disease-free survival of patients with HCCs that
were >10 cm in diameter were similar to those of patients
with HCCs of <5 cm in diameter. Vauthey et al. [32]
proposed a simplified staging for HCCs in which they
classified a single HCC without vascular invasion as sT1
because tumor size had no effect on survival in patients
with a single HCC and no vascular invasion. More
recently, Yang et al. [33] reported a specific subtype of
HCC, which is large in size but exhibits a low invasive and
metastatic potential and a good outcome after resection.
They categorized these tumors as solitary, large HCCs,
which grow expansively within an intact capsule or
pseudocapsule. The reason for this conflict might be the
fact that most reports included larger tumors with macro-
scopic vascular invasion. In the present study, we demon-
strated that tumor-related factors do not influence the
prognosis of solitary HCC after curative partial hepatec-
tomy in patients who did not show macroscopic vascular
invasion. Thus, tumor-related factors other than macro-
scopic vascular invasion were not adverse prognostic fac-
tors in patients with solitary HCC, although our results
might be influenced by the biased study population, i.e. the
high proportion of patients infected with HCV in our series.

In the present study, limited resection was one of the
significant adverse prognostic factors for overall and dis-
ease-free survivals by using univariate analysis. It might
suggest that the selection of types of hepatectomy could be
influenced by tumor-related factors. To evaluate whether
the types of hepatectomy was influenced by tumor-related
factors, we compared patients with limited resection to
those with segmentectomy or more, according to clinico-
pathological factors. The independent factors affecting the
selection of hepatic resectional procedure were prothrom-
bin activity, ICG-R15 value, AFP level, tumor size, and
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presence of liver cirrhosis. In our institution, the types of
hepatectomy were determined on the basis of liver func-
tional reserve and location of the tumor. Although tumor-
related factors were in theory not considered to determine
the hepatic resectional procedure, we could not exclude the
possibility that the tumor size and AFP level influenced the
types of hepatectomy selected. The patients who underwent
segmentectomy or more had more unfavorable tumor-
related factors such as a larger tumor or a higher AFP level
compared with those who underwent limited resection.
Meanwhile, compared with those who underwent limited
resection, patients who underwent segmentectomy or more
had more favorable liver-related factors, such as higher
prothrombin activity, a lower ICG-R15 value, and the
absence of liver cirrhosis. Despite unfavorable tumor-
related factors, the patients who underwent segmentectomy
or more showed higher overall and disease-free survival
than those who underwent limited resection. These findings
may be attributable to the fact that the patients who
underwent segmentectomy or more had more favorable
liver-related factors than those who underwent limited
resection. Therefore, we concluded that although tumor-
related factors might affect the selection of the types of
hepatectomy, they do not influence the prognosis of soli-
tary HCC after curative partial hepatectomy. Additionally,
as determined by multivariate analysis, the types of hepa-
tectomy were not found to be independent prognostic
factors for either overall or disease-free survival.

We also demonstrated that the background liver status is
the major factor limiting the long-term outcome after
partial hepatectomy of solitary HCC. If recurrence occur-
red, the patients with adverse liver-related factors tended to
undergo nonsurgical therapy for recurrent tumor, such as
radiofrequency ablation or transcatheter arterial chemo-
embolization. This observation may be due to the thera-
peutic difficulty of the recurrent tumor. If the patients with
a solitary HCC have several adverse prognostic factors
such as HCV infection, liver cirrhosis, and prolonged
prothrombin activity, they may benefit from liver trans-
plantation rather than partial hepatectomy as the treatment
for HCC. However, donor organ availability is unfortu-
nately limited in Japan.

In conclusion, the long-term prognosis of patients with a
solitary HCC who undergo curative partial hepatectomy
mainly depends on the background liver status and not on
tumor-related factors; this suggests that hepatectomy pro-
vides a significant therapeutic benefit. The postoperative
prognosis of patients with a solitary HCC and well-pre-
served liver function is extremely good, irrespective of the
tumor size. Thus, if the hepatic functional reserve is within
the permissible range, partial hepatectomy should be con-
sidered as the treatment of choice for patients with a soli-
tary HCC.
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Abstract

Background The appropriate treatment strategy for advanced hepatocellular carcinoma (HCC) that does not meet the Milan
criteria (MC) is unclear. The aim of this study was to determine the significance of surgical treatment for such patients.
Study design From January 1990 to December 2007, 151 patients with HCC exceeding MC who underwent curative
surgical treatment were enrolled. Survival and recurrence data and clinicopathological factors were examined. Prognostic
factors were analyzed to identify those that contributed to improved surgical outcomes retrospectively.

Results After the initial hepatectomy, the overall 3-, 5-, and 10-year survival rates were 73%, 55%, and 33%, respectively,
for the 151 patients in this study; the corresponding disease-free survival rates were 36%, 30%, and 17%, respectively. A
platelet count under 10°/mm?, multiple tumors, and liver cirrhosis of noncancerous tissue were adverse survival and disease-
free survival factors by univariate analysis. Platelet count was an independent prognostic factor by multivariate analysis.
The 3-, 5-, and 10-year overall survival rates of HCC exceeding MC in patients whose platelet count was 10°/mm® or
greater reached 76%, 65%, and 44%, respectively, and were comparable with those that met MC (86%, 68%, and 37%,
respectively).

Conclusions Hepatectomy for patients with advanced HCC exceeding MC improves survival, especially for patients with a
sufficiently high platelet count, although recurrence rates after initial hepatectomy are high.

Keywords Hepatocellular carcinoma - Milan criteria - MC Milan criteria
Platelet count - Advanced - Hepatectomy - Prognosis ICGR15 Indocianine green retention rate at 15 min
RFA Radiofrequency ablation

Abbreviations LDLT Living donor liver transplantation
HCC Hepatocellular carcinoma
TACE Transarterial chemoembolization
LT Orthotopic liver transplantati
0O otopic liver transplantation Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide. There are various

H. Amano - H. Tashiro (3) - A. Oshita - T. Kobayashi -
Y. Tanimoto + S. Kuroda - H. Tazawa - T. Asahara - H. Ohdan

Department of Gastroenterological Surgery,
Hiroshima University Hospital,

1-2-3 Kasumi,

Hiroshima 734-8551, Japan

e-mail: htashiro@hiroshima-u.ac.jp

T. Itamoto

Department of General Surgery, Hiroshima Prefectural Hospital,
1-5-54 Ujinakanda,

Hiroshima 734-8530, Japan

Published online: 22 April 2011

options to treat HCC, including partial hepatectomy,
percutaneous ablation therapy, and transarterial chemo-
embolization (TACE). However, the resulting prognosis of
HCC remains inadequate, despite technical refinements in
these treatments, due to the high incidence of recurrence of
HCC.? -
Orthotopic liver transplantation (OLT) is the preferred
treatment for patients with cirrhosis and early HCC per the
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Milan criteria (MC: defined as a solitary HCC of a size <5 cm
or 2 or 3 tumors <3 cm with no gross vascular invasion).> In
patients with early HCC, such as within MC, as long as liver
function is preserved, liver resection effects an overall 5-year
survival rate that is comparable with that of liver transplan-
tation, with minimal morbidity and mortality.*®

The treatment strategy for advanced HCC exceeding MC
has not been discussed sufficiently. Due to advanced tumor
status, ablation therapy cannot be the first treatment, nor can
OLT. Although hepatectomy or TACE is used to treat
advanced HCC patients, the 5-year overall survival rate after
curative hepatectomy for advanced HCC (tumor size, >5 cm)
is 30% to 35%, and its recurrence after hepatectomy is
unavoidable.”® '

We retrospectively analyzed the impact of hepatectomy
on tumor control in patients with HCC exceeding MC. In
this study, we examine the rationale for partial hepatectomy
as an initial treatment and discuss the development of other
strategies for recurrent HCC.

Methods

Patient data began to be collected prospectively by our
program in 1986. Between January 1990 and December
2007, 781 consecutive adult patients underwent hepatecto-
my for HCC at Hiroshima University Hospital. A total of
651 consecutive HCC patients underwent curative intent
hepatectomy in our hospital. Curative intent hepatectomy
was defined as the removal of all recognizable tumors;
patients with macroscopic vascular invasion in the first
portal branch, portal vein trunk or hepatic vein trunk, and/
or extrahepatic metastasis were excluded due to their poor
prognosis.

Data for the remaining 622 HCC patients were included
in the analysis. We divided the remaining patients into two
groups: transplantable (meeting MC: single lesion with a
maximum diameter <5 cm or three lesions with a maximum
diameter <3 cm) and advanced (exceeding MC). We
focused on the advanced group.

The indications and procedure for hepatectomy have
been described.”!® Briefly, Child-Pugh class C was
regarded as a contraindication for hepatectomy. The
decision to perform hepatectomy was made based on liver
function and extent of tumor. Liver function was assessed
according to Child-Pugh classification and indocianine
green retention rate at 15 min (ICGR15). In patients who
lacked ascites and had normal bilirubin levels, ICGR15
became the chief determinant of resectability. For example,
right hemihepatectomy could be tolerated if ICGR15 was in
the normal range. One third of the liver parenchyma could
be resected for patients with ICGR15 of 10-19%; segmen-
tectomy was possible for patients with ICGR15 of 20-29%;
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and limited resection was possible for patients with
ICGR15 of 230% (9.10).

Hepatectomy was indicated when all tumors could be
resected with sufficient hepatic functional reserve, as
determined by preoperative imaging. However, when the
HCC tumors were hypovascular—suggesting that the tumor
was well-differentiated HCC—and <2 cm and when the
number of tumors <3, percutaneous ablation therapies were
preferable despite hepatectomy being feasible, depending
on the tumor location in the liver. Clinicopathological
findings were recorded according to the criteria of the Liver
Cancer Study Group in Japan.!' Liver cirthosis was
confirmed by histological examination of the resected
specimen.

A modified Clavien classification was used to grade the
severity of postoperative complications.'? Grade I compli-
cations were defined as deviations from the normal
postoperative course without the need for pharmacological
treatment or surgical, endoscopic, or radiological interven-
tion. Grade I complications also included wound infections
that opened at the bedside.

Grade II complications were defined as those that
required pharmacological treatment; blood transfusion and
total parenteral nufrition were also included. Grade III
complications were those that required surgical, endoscop-
ic, or radiological intervention. Grade IV complications
were life-threatening complications that required interme-
diate care/intensive care unit management. Grade V
complications resulted in death. Operative mortality was
defined as death within 30 days after surgery. In-hospital
mortality was defined as death within the hospitalization
period.

Postoperative follow-up evaluations consisted of a
clinical physical examination, blood chemistry tests, and
measurements of tumor marker levels, including alpha-
fetoprotein and des-gamma-carboxy prothrombin, every
month for 2 years. After 2 years, patients were assessed
every 3 months. Patients were examined by abdominal
ultrasonography every 3 months and by computed
tomography every 6 months during the follow-up
periods.

Our follow-up protocol included an evaluation by
hepatologists to monitor cancer recurrence and the progress
of chronic hepatitis or liver cirthosis. When recurrence was
noted in any of these examinations, patients underwent
hepatic angiography. The patents were followed up regu-
larly until December 31, 2008, and every patient was
followed up for at least 6 months. All patients who
experienced intrahepatic recurrence were managed with
ablative therapy (radiofrequency ablation (RFA) or ethanol
injection), TACE, or surgery, including liver transplanta-
tion, according to the same criteria as for the initial
resection.

- 206 -



